An overshoot of shear stress, σ, is observed at high rate of shear, ! γ , at the start of shear flow of entangled polymer. The magnitude of shear, γ m , corresponding to the maximum stress does not vary much with ! γ and is about 2 -4 for ordinary linear polymers.
can be described with a BKZ model. 2) Suppose the damping function, h(γ), is approximated as
where α is a constant. Then one obtains
The experimental value of α, about 0.3, is consistent with the data of γ m .
3) The tube model theory of Doi and Edwards 4) is consistent with the BKZ model and the approximate form of the damping function. Thus one may say that the features of the stress overshoot can be described in terms of the tube model. On the other hand, σ exhibits two peaks over a certain range of ! γ for a solution of polystyrene with bimodal molecular weight distribution. 5) We study the possibility of high extension of the chain of high molecular weight as the origin of one of the peaks. The concept of high extension, given in the original tube model theory, is not included in the derived constitutive model equivalent to a BKZ model.
Characteristic Times of Entangled Chains
We take a polymer with bimodal molecular weight distribution, or a blend of samples with low molecular weight, M L , and with high molecular weight, M H , where the volume (or weight) fraction of the latter is φ H . We assume that M L is higher than the entanglement molecular weight, M e , and neglect the possibility of constraint release 6) for simplicity.
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The maximum relaxation time for each chain is
where A is a constant.
7)
The characteristic time for equilibration of chain contour length for the high-M component is given by
where B / A is a constant of about 5.
8)
τ R −1 represents the rate at which a stretched chain of high-M returns to its equilibrium length.
Suppose that M L = 100k, M H = 500k, φ H = 0.1, and M e = 20k. 9) Then one obtains τ H /τ L = 280 and τ R /τ L = 11. This implies that the high-M chain may be stretched and has a large tension at ! γ lower than 10τ L −1
where the main (low-M) component exhibits moderate shear thinning.
Stress due to High-M Component
In order to treat the stretch of the high-M chain at the rates higher than τ H −1 , we borrow the method proposed by McLeish and Larson for multi-branched chain. 10) First we estimate the orientation of chain with use of a Gaussian dumbbell of end-to-end length r.
Here K is the rate of strain tensor and rr is the ensemble average of diadic. The orientation tensor, S, the elongation ratio of chain, λ, and the contribution to stress from High-M component, σ σ σ σ H , is evaluated as follows.
Here G N is the elastic constant of the dumbbell.
Example of Calculated Result
The result for the case of φ H = 0.1, τ H /τ L = 300, τ R /τ L =10 is shown in Figure 1 as an example. A reasonable BKZ model was assumed for the low-M component. Details of parameters may be obtained on request. Reduced viscosity growth function, η + /G N τ L is plotted against reduced time, t/τ L . Reduced rate of shear, ! γ τ L , is shown in the panel. The result is in qualitative accord with the observation by Kinouchi et al., 5) with two peaks over a certain range of rate of shear.
The elongational viscosity growth function, η E + , is shown in Figure 2 . It diverges to infinity as shown by the dashed lines at high rates, ! . eτ L ≤ 01. The solid lines are drawn under the assumption that the maximum stretch ratio, λ, of chain is 7. The strain hardening effect occurs at relatively low rates, around 0.1, where the low-M component does not exhibit any nonlinear features. The effect is eminent over a limited range of rate as a result of assumed restriction of the chain extension ratio, λ < 7.
Discussion
The proposed model can qualitatively reproduce the stress overshoot behavior of polymer with bimodal molecular weight distribution.
The same set of parameters give interesting predictions for the elongational viscosity, which may be compared with experiments in the future.
The limited stretch ratio of the chain may be necessary to get any result comparable to experimental results. It is introduced in the theory for multi-branched polymer by considering the Maxwell Demon at each chain end originating the equilibrium tension in the tube model theory. 10) At such a level of the theory, a linear polymer cannot support any tensile force over the equilibrium value.
Thus we need more study, experimental and theoretical, on this issue.
It should be remarked that the model is not good for elongational flow at too low rates, of the order of τ H −1 , where rr from eq. (5) diverges, as well known with simple constitutive models.
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